Based on the ethnopharmacological data showing that either wild bilberry leaves or whole aerial parts of the plants have been used as antidiabetic drugs, it can be hypothesized that the controversial results of various clinical and animal investigations may be caused by different contents of the active principles in different aerial parts of the bilberry/blueberry (Vaccinium spp.) plants, as well as by their geographical and seasonal variability. The aim of this study was to compare the content of procyanidin type A-and -B trimers in different parts of wild bilberry (Vaccinium myrtillus L.) and northern highbush blueberry (V. corymbosum L.) cultivars. Stems (60 samples) and leaves (30 samples) of wild bilberries and northern highbush blueberry cultivars 'Ama' and 'North Blue' were collected at different locations in Estonia around the year, and analyzed for the concentration of the target polyphenols by HPLC-MS/MS. The highest content of type A doubly linked trimer, a known antidiabetic substance, was established in the stems of V. myrtillus. These contained up to 100 times more of the active substance than the leaves of V. myrtillus and at least 1000 times more than the leaves of V. corymbosum, whereas the seasonal/geographical variation was nearly tenfold. We suggest using stems of V. myrtillus for future animal and clinical investigations of bilberry preparations against diabetes.
For centuries, blueberry and bilberry (Vaccinium spp.) plant decoctions have been used by different nations in the northern hemisphere for treatment of diabetes and obesity. The massive database of Estonian traditional medicinal plants HERBA (http://herba.folklore.ee [1a] ), based on data from the Estonian Folklore Archives, was used to write this paper. The material stored there has been collected over a period of 150 years [1b] . According to HERBA, stems and also whole wild bilberry (Vaccinium myrtillus L.) plants were used in Estonian ethnomedicine. However, the scientific data on the antidiabetic efficiency of these plants is controversial. As concluded by Helmstädter and Schuster [2] , the results of numerous animal, clinical, and phytochemical studies of wild bilberry leaves failed to support their traditional use against diabetes mellitus that is sometimes recommended even nowadays. On the other hand, traces of two potentially antidiabetic flavonoids -procyanidin type A and B trimers ( Figure 1) were detected in the berries of different Vaccinium species [3a,3b,3c,3d] . Both these phenolic substances, which inhibit pancreatic lipase and amylase activity [4a] , are patented as antidiabetic/antiobesity remedies. Moreover, an apparently identical procyanidin doubly linked type A trimer from cinnamon exhibits insulin-mimetic activity, and may therefore be beneficial in the control of glucose intolerance and diabetes [4b] . Some scientists believe that bilberry has a significant effect on diabetic retinopathy [4c]. The molecular basis for the pharmacological activity of anthocyanidins includes the regulation of a plethora of mechanisms mainly involved also in reduction of the incidence of diabetes through modulation of insulin sensitivity and glucose utilization [4d] . Surprisingly, up to now the content of these compounds has been determined only in the leaves and fruits of blueberry/bilberry (V. myrtillus L./V. corymbosum L.) plants. The content of procyanidin type A and B trimers in the stems of Vaccinium species was still unknown.
Based on the ethnopharmacological data that either wild bilberry leaves or whole aerial parts of the plants have been used as drugs, we hypothesized that the controversial results of different clinical and animal investigations may be caused by different contents of active principles in different aerial parts of bilberry/blueberry plants, as well as by their geographical and seasonal variability. Therefore, the aim of our study was to compare the contents of procyanidin type A and B trimers in different parts of V. myrtillus and V. corymbosum cultivars.
The procyanidin trimers of both types A and B were identified and quantified in the decoctions of the plant materials. The overall polyphenolic composition, both qualitative and quantitative, of various parts of V. corymbosum and V. myrtillus is very different. In the case of all the studied plants, the content of the trimeric procyanidins was significantly higher in the stems than in the leaves (up to three orders of magnitude in V. corymbosum "Ama"), and a significant (nearly tenfold) seasonal/geographical variability was detected as well ( Figure 1 ). The concentration of procyanidin type A trimer was drastically higher in the wild bilberry plants than in the hybrid blueberries, while the differences in the concentrations of procyanidin B were less prominent.
The level of A-and B-type trimers was equal in the stems of V. myrtillus collected at different locations, whereas the content of A-type trimer was always higher than that of the B-type. The highest content of procyanidin type A trimer in V. myrtillus stems was at least 1000 times higher than the lowest content in the leaves of V. corymbosum cultivar 'Ama'. No clear seasonal dynamics in procyanidins content in either Vaccinium spp. stems or leaves was found, but the ratio of the highest and lowest values for the stems, collected at the same location at different times was between 3 and 18, whereas the highest contents of procyanidin type A trimer in the stems of V. myrtillus were over 1 percent of the dry matter. There was some confusion about the antidiabetic ingredients of Vaccinium spp. [2] until both procyanidin type A and B trimers were determined in blueberries [3a,3b] . However, the content of these substances in the leaves and stems was not investigated. Thus, our finding that the level of antidiabetic procyanidin trimers was much higher in the stems of V. myrtillus was higher than in the other plant parts studied is documented for the first time.
As concluded by Helmstädter and Schuster [2] , recent high quality pharmacological and clinical studies are rare and do not support the use of Vaccinium as an antidiabetic agent. However, the results of our study support the hypothesis that the contradictory results of multiple clinical trials of bilberry's antidiabetic properties may be explained by use of different parts of the plant in different studies. For future research, we suggest determining the actual antidiabetic activity of different parts of both V. myrtillus and V. corymbosum. According to the results of Anderson et al. [4b] , these polyphenolic polymers may also function as antioxidants.
It can be concluded that if any bilberry/blueberry preparation can be considered as a candidate for antiobesity and/or antidiabetic preparations at all, the stems of wild bilberry should be the first choice. The best source of both procyanidin trimers could be the stems of the wild bilberry.
Experimental
Plant material: The stems and leaves of wild bilberry (Vaccinium myrtillus) were collected at 3 locations in Estonia (Põlva, Tartu, and Pärnu County) around the year (n=36), in the middle of each month in 2009-2010. The stems and leaves of the northern highbush blueberry (V. corymbosum) cultivars 'Ama' (n=12) and 'North Blue' (n=12) were collected at Marjamaa farm (Tartu County) also once a month around the year. Five plant samples (all aerial parts) were collected on each harvesting day from 5 randomly selected plants. The plant material was divided into stems and leaves (when leaves were available). Altogether 60 samples of stems and 30 samples of leaves were dried immediately after harvesting for 10 days in a dark room at room temperature. All the collected and dried drug samples were preserved in well-closed bumper bags at room temperature in the absence of light. Before high-performance liquid chromatographic analyses, the air-dried plant samples were powdered in a mortar and sieved through a 1 mm sieve.
Determination of polyphenols:
For extraction of polyphenols, 0.5 g of a plant sample was transferred to a flask, 5 mL of 96% ethanol added, and the flask left to stand for 48 h at room temperature. After filtration through a cotton filter, 96% ethanol q.s. was added to a total volume of 10 mL. The samples were analyzed by HPLC-ESI-MS/MS in positive ion mode. For the identification and quantitation of individual polyphenols, HPLC hyphenated with an UV-Vis diode array and ion trap mass spectrometric (LC-ESI-MS/MS) detector (positive ionization mode) was used on an 1100 Series LC/MSD Trap-XCT equipped with an electrospray interface (ESI) (Agilent Technologies, Palo Alto, CA, USA). All the details of the method used have been described earlier [5a, 5b] . The quantitation of procyanidin trimers was performed by integration of the respective extracted ion chromatograms. The calibration curve was prepared in the coordinates AUC (area under the chromatograms), and the concentration of catechin monomer and contents of trimers in mg/g were counted assuming single ionization in the case of the monomer as well as trimers.
